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The Influence of Passive Smoking on Pulmonary Function— 
A Study of 1,351 Office Workers 1 

Michael Kentner . 2 Gerhard Triebig. and Dieter Weltle 
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Uatil tow it tuu been difficult to uccnain bow ouch putaivt mhaMiiom of tobacco uDote 
•fleets bruftctkipuimooMfy tVACtioiu To answer this quesugo. ha ibwuhpuiow iavolviiig 
IJ5llwbiic eoter worter* mm earned out. about active piu»iv« toba cco 

saoki expotunt mu ubtaaml by > Kmbnii«rf guctuonoairt. This muJe « puwibk to 
mbUivkk tbc overall group mu* five subgroups: Never tmoteiv passive tmoter*. ex* 
—oterv current smofcm, inti other tmoteiv Forced expiratory vital capacity (FVC) «*J 
eati—r expiratory flow*voUuDe (MEFVt curves •«« md for ftuag fuactiua malysis. 

From item curves FVC, farced AaJ rKpirutory flow (FEF 25/75)4 forced cod-expiratory 
flow (FEF 75/B5). «ad aaiaul Aid-expiratory flow (MEF 25/75) were determined «ad 
•OncUnUzed for sex. age. height, and. body weight. Hsu ve smoker* evalteted by tbit 
method showed essentially ao decrease in parameters describing ventilatory (unction, h is 
concluded from (he dose-and time»efl«ct nrtUMXuhips obtained in active *Aoten between 
the Uing ftiaciioe parameter) and the duration of tobacco smote exposure oe the one hand 
■ad the daily consumption of cigarette* on the other ituu fuvwvc wnukrag m small doses 
may have no gascmtal effect on pulmonary ftinciion 

. * INTRODUCTION 

n : 

Ooe of the numerous questions that have not yet been unequivocally answered 
with respect to passive smoking is its effect on bronchopulmonary (unction in 
people with healthy lungs. A number of studies in children indicate a certain 
negative influence, particularly in children ui preschool age (11. 30. 33). Other 
studies, however, fail to confirm such an association (5. 18. 27. 2V). Recent re¬ 
views on this subject can be found in publications by Weiss ei ut. (34) and by 
Lebowitz (19)* / 

To date, only a few studies have been published on the effects of passive: 
smoking and pulmonary fuoction in adults (7, 14. 27, 35). These investigations 
were usually initiated within the framework of research projects not primarily 
concerned with passive smoking. As a result, certain restrictions must inevitably 
be made regarding the relevance of these findings. This point will be considered 
in more detail in the discussion. The investigation reported herein, in contrast; 
was designed and carried out for the sole purpose of confirming or denying any 
significant effects of passive smoking on the bronchopulmonary system using 
pulmonary function measurement, 

' PreMMoJ M the Symposium "Medical Nerepeciivc* on ftutive Snxdunj.'' April V-IS. IVS4, 
Vienna, Aukiru. 

1 Tu whom reprint requests should be addressed. 
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SYMPOSIUM: MEDICAL PERSPECTIVES ON PASSIVE SMOKING' £57 

PATIENTS AND METHODS 

A total of IJ51 people (941 men and 410 women) took part in the study, which 
was carried out in 1982-1983. Participation in the study was voluntary. All par¬ 
ticipants were white-collar workers, the majority of whom were employed in 
sedentary office jobs. Test subjects were recruited from the staff of an adminis¬ 
tration authority aod two large industrial companies located in Northern Bavaria; 
a region with a relatively low level of air pollution. All those participating anon¬ 
ymously filled out a standardized questionnaire specially developed for this study, 
and upon completion handed it in a closed envelope to the person carrying out 
the examinations. 

The pulmonary function tests were carried out with an electronic spirometer. 1 
The device was calibrated either daily or prior to each new series of measure¬ 
ments. The spirometric examination was conducted by two trained examiners 
with a knowledge of medicine. Special attention was paid to good cooperation 
im the part of the test subject with respect to the respiration exercises, which 
were generally repeated two to three times. 

Of the various pulmonary function parameters, those listed in Table I were 
included in the further analysis. These parameters were identical to those used 
ia comparable studies. 

These data were transferred; anonymously, to documents designed for elec¬ 
tronic data processing. Evaluation of the data was effected on a data processing 
system of the type Cyber 845. 4 After various plausibility checks and appropriate 
adjustment of the data record and group; the overall group was subdivided into 
live subgroups (Fig. IX 

(a) Never smoker? (AfJ); defined ^s persons who have oever been regularly 
exposed to tobacco smoke, either actively or passively. 

(b) Passive smokers ( PS X defined as subjects who have never actively smoked, 
but who are currently exposed to passive smoking. Here, three subgroups were 
differentiated: 

(■I PS exclusively with household exposure to passive smoking (PS/tf). 
(iij PS exposed passively to tobacco smoke only at their place of work 
(PSAV). and 

(tii) persons with a combination of passive smoke exposure (PS/HW). 

id Ex-smokers (ES). defined as persons who had given up active tobacco 
smoking at least 6 months previously. 

Mi Current smokers iCS), representing the group of persons who. at the time 
of life investigation were actively smoking and inhaling the smoke. 

it) Uthi-r smokers\OS), representing a remaining category in which noninhaling 
cigarette smokers and cigar and pipe smokers were grouped together. 

Considerable care was expended on the standardization of the analytical pul¬ 
monary function data. For all the pulmonary function parameters, on the basis 
of 1 the NS group, formulae for internal predicted values were computed, using 

* Sirejnov FDIO. XY Recorder E22IS. Siemens. Erlangen. FRG. 

* Control Data Corporation. Minneapolis. Minn. 
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TABLE I 

Tmc Paiamftcxs Employed km Pulmonaxy Function analysis 


Method 


PulauoMfy fuiKUM pummetcr Abbvrviuioo 


Forced vital opacity 
curve 

Forced expiretory viud cmpecay 

FVC 

- 


Forced mid-expimory flow 

FEF 

33/73 


Forced ce^expinuofy flow « 

FEF 

75*5 

HUjuhmI upifuory 
flow-volume curve 

Mluamel mftcxptndory flow 

MEF 

2375 


multiple regression analyses, and taking into account sex, age. height, and body 
weight. A comparison of the reference values thus obtained, with standard values 
established by other authors (4. 17. 23. 26) shows a good level of agreement. 
According to these figures, the standard values decrease with increasing age and 
weight, while an increase in height results in an elevation in the predicted value 
(lable 2). All the individual values actually measured were converted into a per¬ 
centage deviation from the predicted standard valtie. 

The differences in the pulmonary function parameters standa r dized in this way 
were statistically checked in a subgroup comparison, using a nonpanunetric test 
procedure. This procedure involved a comparison of several independent samples 
as described by Kruskal and Wallis (36). A significance level of P « 0.05 was 
chosen. 

RESULTS 

Croup Structure 

Ihbie 3 shows the size, average age. and prevalence of pulmonary disease in 
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TABLE 2 

Correction Factors me the STA wo MmoAimw of the Pulmonary Function Parameters 




A«e 

<ywn) 

Height 

im) 

Weight 

(kgi 

Const. 

FVC 

M 

—0.02V 

5.71 

-0.01! 

-3.37 

ID 

F 

-O.OW 

4.17 

-0.003 

-2.94 

FEF 23/75 

M 

••030 

4 JO 

-0.014 

-1.72 

iUS> 

F 

-0.0*3 

IJ7 

-0.020 

JJ7 

FEF 7S/E5 

M 

-0.027 

13 JS 

-0.044 

-12.01 

(US) 

F 

-0.0V 1 

6.4* 

-0.01* 

-0J6 

MEF 23/73 

M 

—0.006 

3J1 

-0.029 

-0.03 

(US) 

F 

-0.023 

IM 

0.03! 

0.03 


each subgroup. The average age varies between 39 and 43 years for the men; and 
between 29 and 41 years for the women. Since almost all (he pulmonary function 
parameters correlated negatively with age, the need for a standardization was 
thus underscored. 

The CS group was most frequently affected by bronchopulmonary prior dis~ 
eases, but the difference* were not significant when compared with the other 
groups. Since on the mie hand, passive inhalation of tobacco smoke may induce, 
ur at least aggravate, chronic bronchitis, while active smoking may be the catpe 
of this disease, the afcaJysi* of pulmonary function parameters would be affected 
by both including or excluding bronchitic subjects. It was, however, found that 
this had essentially no influence on the median values or the regression analysis. * 
for this reason, a basic group, excluding subjects with bronchd^Hilntonary dis¬ 
eases such as pneumonia, asthma, and tuberculosis in their history, but including 
the bronchitics. was used for further evaluation. 


TABLE 3 

Structure of the Group into Subgroup*. Number of Surjects. average Age. and 
Bronchopulmonary Pram Diseases 


No 

of subjects 

eUflUDCli 


Age 

tnedian 

whies) 


bronchial 

RklhmiL 

tuberc. of 
the lungs 


Chronic 

bronchitis 



M 

F 

M 

F 

M 

NS 

142 

66 

42 

41 

21 

PS 

251 

132 

40 

36 

30 . 

hS 

30i 

59 

43 

39 

42 

OS 

64 

12 

41 

29 

5 

CS 

1*3 

141 

3V 

31 

2* 

So. 

941 

410 

41 

35 

136 
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Pulmonary Function Parameters in a Comparison of the Subgroups 

In the case of FVC (Fig, 2). the median values for men are similar in all five 
subgroups, while, in women, only that of the CS group differs significantly from 
the three groups of nonsmokers. 

The comparison of FEF 25/75 (Fig. 31 values shows results similar to : thu»c 
seen for FVC, as do the results of FEV,, not shown here. The greatest negative 
deviation of the medians from the predicted FEF 25/75 values in both sexes was 
found in the CS group. However, no statistically significant differences were seen 
between the groups, which revealed a considerable scatter range for this param¬ 
eter. 

In Fig. 4.,the FEF 75/85 values are shown. Here, ES and CS differ significantly 
both from NS and from PS. This, however, applies only to men. 

The MEF 25/75 values show an even greater range of scatter than the prior 
parameters (Fig. 5). Nevertheless, here, statistically significant diffcrentiuiioa 
between the individual subgroups is possible. Thus, in the case iff the men. the 
ES group differs from both the PS and CS.-while in the women. NS and ES differ 
from CS. 

If we compare the deviations in the predicted values of the pulmonary function 
parameters among the passive smoker subgroups, a heterogeneous picture is ob¬ 
tained. Here, FEF 25/75 (Fig. 6) and FEF 75/85 (Fig. 7) values are considered by 
way of example. 

For the FEF 25/75 values, all the male PS groups are at about the same level 
(in the 100% range). By contrast, in the female PS group, a gradation is seem 
with, PS/W showing the smallest negative deviation from the predicted value, 
followed by PS/H and PS/HW (Fig. 6). 
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F«, 2 : Median* uadi66 confidence level* of the percentage devialhui* from predicted value* of 
FVC in *cx-*epuroied subgroup compuh*on. 
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K*i. 5. Medinas and A6 confidence levels of iSc percenupe devooion* from predicted values of 
KEF 23/75 in »eA*»epuniicd subgroup comparison. 


For the FEF7J/8J measurement, the situation is almost the reverse of the FEF 
25/75 medians (Fig. 7). Among the men a ^ranking** can be observed in that 
PS.H have.the best function figures, followed by PS/W and PS/HW1 Among the 
womeni the medians are scattered around the 100% range in aJI three groups. 
Neither for FEF 25/75; nor for FEF 75/85, were any statistically significant group- 
specific differences evident. 

Dose - and Time-Effect Relationships between Tobacco Smoke Exposure and 
Pulmonary Function 

in the CS group, the individual pulmonary function parameters were correliitedi 
with botluhe duration of tobacco smoke exposure and the diiily consumptionT5f 
cigarettes: The time-effect regressions are briefly discussed for FEF 75/85, 
Among men. this parameter deteriorates with increasing duration of tobacco 
smoke exposure. This relationship is statistically significant at the 5% level (Fig. 
8). Among women, however, no statistically significant change in FEF 75/85 as 
afunction of the duration of exposure to tobacco smoke can be seen (Fig. V). 
For parameters FVC. FEF 25/75. and MEF 25/75. dose- and time-effect re- 
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**hm 



Fig. 4. Medium and W> -i confidence level* of Ike perceetuge deviations from predicted values of 
FEF 7MB in tea-separated subfruup com ponton. 


lationships with only low correlation coefficient^. not statistically significant, 
were observed. 


OlSCUSStON 

Inflammation of the airway s is the starting point of all chronic noncarcinogenic 
bronchopulmonary effects of tobacco smoke inhalation (31J. Although the pro* 
cesses which bring about functionally-significant changes foflbwing the inhalation 
of tobacco smoke are not yet fully known, it may be assumed that fiey represent 
nuhifactoriai processes, for which the following pathomechanisms are under dis- 
cunton: 

(■^Enlargement of the mucous gland mass with resulting hypersecretion (V». 

(0) Impairment of the function of the respiratory ciliated epithelium, with build¬ 
up of secretion (3). 

Increase in bronchial muscles (25)i due to reflectory bronchoconstriction or 
direct bronchospasmic effects (2). 

0) Release of proteolytic enzymes from alveolar macrophages, with consecu¬ 
tive formation of a centro-acinar pulmonary emphysema after years of smok- 

(ei "Displacement" of the surfactant factor (25). with possible promotion of 
atelectasis. 
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Km. 5i Median* ami 66 > confidence level* of the pereentufc deviation* from predicted value* uf 
MtK 25/75 unite *e*-tepuraed Mibpruup cumparivon. 


The inflammation of the small airways represents the initial reaction of theg 
bronchopulmonary system to the active inhalation of tobacco smoke (V.24). This 
investigation is primarily concerned with clarifying the question of whether pas¬ 
sive exposure to tobacco smoke results in function-analytical significant changes 
in the small airways. There is a dose correlation between structural changes of 
the small airways and the associated effects on pulmonary function (8). although 
the prognostic value of these lesions with respect to severe obstructive airway 
diseases has not yet been established <6, 28). 

The function-analytic correlate of a small airways dysfunction is. among other 
things, the (low limitation in the largely effort-independent, end-expiratory part 
uf vital capacity (20. 21, 28). This results in characteristic deformations of FVC 
or (low volume curves, which are relatively easy to obtain in an investigation of 
larger groups of subjects. Although doubts have been expressed (I. 10) on the 
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FiC. 6. Median* ami 66 coflf*Jcoce kvd* of the perccnuft Ocvudjtxu from predicted values uf 
FEF 25/75 »« the tftxicpunacd cumpamaA. for vuriuus type* of passive *awU exposure. 


specificity of Mich pulmonary function analyses with respect to a small airways 
dysfunction diagnosis, the view that the determination of parameters such as FEF 
25/75, FEF 75/85, and MEF 25/75. in this respect, represent* a sensible and useful 
function-analytic method (6, 22, 28) has largely become accepted. Admittedly* 
the determination of flow rates or flow differences in the diagnosis of small air¬ 
ways dysfunction makes sense only when normal values for such spirometric 
parameters as FVC and FEV, are present (10, 22, 28). that is, when significant 
ventiiutory and respiration-mechanical disturbances affecting the large airways 
can be excluded. This may be assumed, for the present study, since in ail sub¬ 
groups. independent of sex, the FVC values scatter only in the range of a s2£ 
deviation from the predicted norm. Only the female CS group, at ~ 7%, represents 
an exception. Similar remarks also apply to the FEV, parameter. 

It is well known that end-expiratory flow determinations are subject to a large 
imraindividual (6) and imerindivkiual (16) variation spectrum. For this reason; 
particular care was taken in this study to eliminate as far as possible, such inter¬ 
fering factors as prior bronchopulmonary diseases or inhaled noxae other than 
tobacco smoke. Furthermore, in order to limit the danger of an evaluation bias* 
the study sms performed under blind conditions and great importance was at¬ 
tached to the precise standardization of the pulmonary function measuring results. 

Nevertheless, it wav not possible to differentiate all five subgroups defined in 
accordance with tobacco smoke exposure crueriai on the basis of pulmonary 
function analysis. It proved possible only to discriminate the CS group from all 
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F«». 7. Medians amlfM h confidence levels of itie percentage deviations from predated nbci of 
PEF7M5 in the sex-scpunilcd cumpiri tt w . Sat vinous types of passive moke exposure. 


categories of nonsmofcers and from nonactive smokers. In this connection. FEF 
75/85 and MEF 25/75 revealed the greatest discrimination: Even time-and dose- 
dfect relationships in the CS group between tobacco smoke exposure and number 
of cigarettes smoked per day on the one hand, and pulmonary function on the 
other, revealed only a lew statistically significant correlations which, however, 
revealed inconsistencies in the sex-separated comparison. This result is possibly 
due to the relatively low average age of the members of the groups investigated, 
particularly among women. 

The precision of the measuring methodology and curve evaluation muy be 
considered good. This was demonstrated by a parallel determination of the (low 
volume curve for all subjects with the aid of a second electronic spirometer which 
determined the measured values automatically. It may. therefore, be assumed 
that the heterogeneity and inconsistency of the pulmonary function pattern results 
mainly from the large interindividual variability of the measured diitu. Thus, ap¬ 
parent correlations may also be simulated. 

On the basis of the calculations of various authors (12. 13. 15. 32). for passive: 
smokers in general, a daily exposure of the order of magnitude of 0.2 to a max* 
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mum of five cigarette equivalents (depending upon the smoke constituents) may 
be assumed. In addition, the various types ol inhalation on the part of active and 
passive smokers must be taken into account. While active smokers inhale pri¬ 
marily mainstream smoke constituents via mouth breathing, passive smokers in¬ 
hale largely sidestream smoke constituents which enter the bronchial system via 
the nasopharynx. If additional consideration is given to the filtration function of 
nasal breathing, it may be stated that in the case of passive smoking one is dealing 
with the effects of a relatively low dose. Since, despite optimized methodology, 
dear and unequivocal dose- and time-effect relationships between daily cigarette 
consumption or smoking duration in years and pulmonary function have proved 
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impossible to establish or have been established only in on inconsistent form (as 
ia the case of CS). this is ail the more likely to be the case for the low-dose 
situation met with in passive smoking. 

As mentioned at the beginning of this article, only a few studies have so far 
considered the question of possible impairment of pulmonary function in adult 
passive smokers. These studies all have the disadvantage, owing to the nature of 
the data collection, of not being able to form groups for all possible (actors of 
active and passive tobacco smoke exposure. This means thut there is a danger of 
selection bias involving the nonconsideration of possible positive or negative 
results. Since, however, a similar pulmonary function methodology was em¬ 
ployed, comparisons between our results and those reported in other st udies are 
possible. 

In common with us. Schilling rt al. (27) and Comstock rt of. (7) were unable 
to establish any statistically significant reductionof pulmonary function in passive 
smokers (Table 4)i In contrast. KaufTmann rt of. (14) found differences between 

TABLE 4 

Bfevtsv ur TMt LnuuTvuaN Amcus So Fa* Published on tms Tone Ajlmomaby FuMcnon 

m Passive Smqssm 


Authors 

Subgroups* 

Pulmonary 
taction parameter 

a 

Resulu* 

Schilling 

NVH 

arm 

FVC, FEV, 

No statistically ugniJicam 

jtrl,. vm 

PSH 

114 

PER MEF 50 

ittlucuw of lung function 


cs 

7g 

MEK25 

for PS/H. 

White and 

NS 

N m 400 

FVC. FEV, 

Concerning FEF 25/75 and 

Frueb. )9i0 

FSW 

CS 

400 

1300 

FEF 2505 

1 

y 

- FEF 75/15: PS/W show 
statistically significantly 
lower values than NS. 
WJocs in PS/W do nix 
differ essentially from 
values in CS smoking l~ 

10 cigarettes per day and 
an CS without tabulation. 

t'umsIOCk 

PS/H 

E&H 

CS 

N • 530 
232 
*53 

FEV, 

FEV/FVC 

No statistically significant 
induction of lung function 
for PS/H. 

Mfauui 

1 

! 

i 

NSH 

PS/H 

•w 

N - 1*73 

1223 

FVC, FEV, 

FEF 25/75 

» 

Concerning FEF 23/75 in 
females aged 40 years or 
more: statistically 
significant differences 
between N5 and PS/H. 
Dote-efTeci rdmofuhip 
between reduction ut king 
function in PS/H and 
daily tobacco 
consumption of the 
husband. 
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never smokers and passive smokers at home with regard to the FEF 25/75 pu* 

, «_ ru meter, and also a dose-effect relationship between the reduction in pulmonary 

function in passive smokers and the daily tobacco consumption of the subject's 
spouse. However* these relationships were statistically significant Only for 
women* and then only for certain age groups. To date* White and Froeb (35) are 
the only authors who unreservedly find that passive smoking leads to an impair* 

. ment of pulmonary function. The predicted value reductions in the case of persons 
passively exposed to tobacco smoke at the workplace do not. however* differ 
essentially from those seen in active smokers consuming between I and 10 cig¬ 
arettes a day. This result is difficult to reconcile with a rational dose-effect 
relationship under the assumptions made earlier (see also Lebowitz < 19)]. 

Taking our own results into consideration; it seems that the passive inhalation : 
of tobucco smoke at home or in the workplace by healthy individuals probably j 
does not lead to any essential impairment of pulmonary function, lo whin extent 
this also applies to extreme passive exposure to smoke must remain the subsea : 
of further investigation. Thus, for example*, persons working in restaurants or in 
poody ventilated rooms may be exposed to high levels of smoke pollution. 
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